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K.R. S~roh, Ph.D., Taak Leader, HTGR Syatema Analyaia;

C. A- Anderson, Ph.D. , Grnup Leader, Mvanced Energy Technology;
, W.L. Kirk, MS, Principal AaeiaL.,nt Energy Division Leader,

Los Alamoa Nat!onal Laboratory, Los Alamoa, New Mexico, USA
HTCF. Bafety research at the Loa Alamoa National Laboratory

This paper aummarizea activities undertak~n at the Loa MMUOII National Laboratory aa part of the
High-Temperature Gaa-CoJled Reactor (HTCR) Safety Reaearr.l\ Program aponaored hy the US Nuclenr
Regulatory Commianion. Technical accompllahmcnca al,d ar,alyala capabilities in alx broad-baaed taak

arena are de~cribed. lheae taeka are: Fistiion-Product “technology, Primsry-Coolant lmpuritieo,

S~ructural Invcatigntionti, %fcty Inatrument;ltlnn end Control Syatema. ~cldenL ])cllneatlon. and
P1.enomcnu Modeling nnd Systems Annlyeie.

INTRODUCTION
II ‘he LOB Alamon Nntionol Laboratory hbe bern
conducting n hrrmd progrnm of re~enrch in High-

TcmpcruLure Gan-Cooled Ref.rctor (HTCR) nnfe”y

tcchnolugy since March 1974. Thin work haa been

pcrform~d under Lhc auspices of the US Nuclear
Rvg,llnlory Cummln~ion, Offlcc of Nuclenr
Rpgulntory RrHcnrch (NRC/tlliS). TIIIJ program

rJcopc nnd level of CfI(]rL hnvc vtirled uldcly
ovor LIILI yc~rH. Al thr .~:iRilt of thu pro~ruir,

thr 1,1111Alnmon effnrt lncludcd tile foll,willY
mn.l!jr tmMk nren H:

A. FluMIon-Produrt ‘rcchnolflg;~,
ri. Prlln/lry-(:~l~}lnllL lmpuritlen,

c. Strtlrturlll lnVeHtlgnL[nnp,

1) SnfI?ly lll~tr,:m,~..tmlit>!l mIId Cunlrl)l !$yHL{!IUH,

K, kcldrnl Ilv; lnvnllnn, nr,d
F. I’h,, norncllti MI Ilcllm; nmf Synf @mu Annlyul M.

2. Al th.t lJvulnnlnB or 197’i, 2H I,OR Alnmon
Mlnfl mvmbtr~ workvd cllllcr run OF ,:jnr L timi, 011

thv mm S:I!Cty P/*enrrll l’rw~rtirn. in mld 197!I,

LIIII (;rllvr~ll A[omir CwnpmIIV (GA) wlL!ldrcw from
lhu cnrmn-. rrlal m#rhvl , whlrh removt; d LIIP
tmmrdlntv ll{QcIIPiI\g prttnMuro from ,hr NRC. In
LhV rilllt~wlnti yvIIru, our tmwk mI,hIIdulen wrrv

mod! rid, rnllmr lnMkw uori. Icrmlnnldl mnd othor M
wrrv r~dllt.t.d III mcfjpc. lle prugrmrn ruthnckm
worr Iopiunrd I(I III l~Iw n I, IJIILlmIln H I vo] of

eflort IMI thmu tnMk# r~lnwldvr[ d mont Imporlnnl
try 1110 l,nlli~rnlury rIIIIl hy llIr N\((:. Appr{jqlmnte
lI~VIIln ~~f Vfl III I hY vmnr can hr rlltlnd III
‘rIll)ln 1.

“1, Si)mr t nMkm woro [I,rmlllnlrd h~lf~iru ,any nilI-
1111 I .IIIII nmw kl\LJwlrtlHm {jr {. 111.1111I It 10II (0011111 ho
!lt,vl~lllpr,l; II I., n\ld6!oI\ I rrmlll{,, ltIII ,,r (Btllflr La”kti
prov~lllp,l lhv t,,tmlllrl~ IIIIt,,m+c, ntfIll IIIl or irnnlynin

~)r I!rwlimlnnry romill M. Ilowrverl mnny [lr thn

Ilrr! ,IIIIN I 1111AI Ilmlly amnl~IIc, d !II ~lIr pr(lHrmm mr~

nl I I I wi f h IIIU I,nh,jrlittjrf aIIIl IIPICII 01 llIr rxlI,. r-
Imrnlnl nq~lfprl*Ill Im H1’11 Irvnllnl,lr.

4, Illlm rmpurl la n ❑.mwrnry WI ~lw+ work dIIIIm JII
I,OM Alnm,, n III fhi! nhtne litIIk nr!,tim frwm Marrh
lq/h lhr,iu~h I;ld 19H2C lhlrlnR 11111 lirrl~d rr~lm
Mnr,.11 11)14 IIIrtIUHII S, III ICUUhrr 19)4, llri}NrpBn UaW

—. —..

rahle 1. ApproxlmmLe tack levcI of effnrt by
ycmr in tull-tirne staff-mdmbcr ●quivulenc,9

—- --—_— — . ——...— .—-——

Yeor TaHkI\ Tnnktf ltibkC Tn~kfl TafikL Ta~kF Totul

——-—- .------ . ------ ..-—------ ----- . . . ._— _

197,4 ~ v, 4 !6
1915 b 5 6 3 1 4 25
1(176 4 3 5 2 1 3 19

191/ J a,
7

4 I 4 14
197rl 2 4 1 5 12
I,)/y 3 I 4
I !JHfJ J 1 /,
]lJM1 3 2 ‘1

1W12 ().5 2.5 2 5

—--- . _______ _____ ________ ______

reporlcd 111 ‘In[nrnml monthly lcrrur raptjrtn.
Tnnk tlrr, ,npllnlimrntn IIlncc octobt.r 1974 have

bern rrpwrLcd in puhllnhcrf ,l:larL~rly progreon
rrpor[m. A hlblln~rnphy of the mrrrr thnn ffo Lnn
Almrl[,ti NT(W nnfcLv publicntinnn CmI b~ fnultd in

fkr,. 1. T%v rondcr dpnlrlng mddltfrnul lnfnr-

mnl:,on on toplrn dlm.IInmed in thin pnpcr rmI
[Ihi(ll!l ❑prc{rie r~po, n from thr l.on Alntuom
NnL.lonnl Lnhorutnry.

5. ml!, IIrml underlnklll~ wnM Lhe jOinL d~vrlnp-
mr!l( by thv l,IIm AI IIML)H NILlmI, Il Lnh!}rntoryo Ihr
Ur,,l]khnvrn NaIIImnl I,mhnrnlnry (f! Nl,), mnd thr

NW: IIf n romprrhentilvr lon~-rnli~r plan ror
porr~]rmln~ IIT(;M enrety-r~lnled r~n~nrrll. IIIln

IIIIpIIhllnlIIIIl pinn ❑llcriflmd th,}nv art=na or llTCff

IC.rlMIOlnMy brimrm addit lIIIInl l!lrOrmLiOll wan

deewd nrcrnnary III nmnur,~ thaf 111’(:ffm rould hm
II CIBI{HII PII, vonntrwrtmd, and npOralmd nafcly. nl~

plan covmrmd h,Ilh pllr!l(lmrllt\l,}Hl,,nl rrnenrrh ●nd

nrir~ly-rillntn{~ nlmlyllrml r~n~firt,h (thim pldn
rmrmn! Iy hnm IIIWI1 updntpd III drnft rorm hy !Iw
NltC/RKS).

!), lltI,\IIl)mrII,)loMIL,nl rwmvirruh n#Pdn worr cIIVIAQII

lIil II rivll mrunwl Fln KltII1-l’r{IIIIII, I ll~l~am~ nnd

Trnumpori , Prlmnry-(:{jolnl!l ]mpllrlllen, hpid

(;ruptllfc oaldnllnIl, !lIriu,turql ~fnluaf,ion, aud
Snf~l y ln~lrllnwlllml IOU nn(l Cntltrwl. thf@ty -

rrlntd mnaIyLII.nI rmnmnrrll ncodn u~r~ dlvidad
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into three areas: kcidcnt Delineation,
Probabilistic Analysis, and Phenomena Modeling

and Syaterns Analyais. Each of these research
areaa had ane or ❑ore associated taaks for whi~h
the plan specified objecclvea, the existing
state of the art, program scope, aubtaaka and
achedulea, and taak relatianahipa to other
program elements. ‘he six management taak areas
of the Los .klarnoa HTCR Safety Research Program
touched on all eight areae of the long-range
plan. The ammary of taaks and accomplistrnenta
in the following aectione diacuases the
relationship of the work done at Los Alamos to
the taqha In the long-range plan. The summary

a190 enumerate accomplishments, and diacuaaes
task completion atatuB and lessons lear~ed.

FISSIOtv PRODIJCT TECHNO1.OCY
7. The Los Alamos task in Fission Product Tech-
nology included both experimental and
theoretical studies of fl~~ion-product release,
tr~?.lport a!jd deposition for HT{;R normal
r,peratlon and acciddnt eequence.s. The re.searc\l

concentrated on the development of computer
codes t,, c~lculate fl.s~ion-product distribution
and trnnspnrt In the core atructufc,
fisslun-produrt distribution in Lhc coolant
circuit, nli,l fis6ion-Jroduct Cransporl in the
coil Lnlnmcnl tulildl...~ and in tile atmosphere, and
on an exl,erifnen:ol lnvustlglltiol, of coated
f.lel-parllclc fnilurc nnd relcnse r~te.q. llcse
areus covcrcd {Iii tllc stlbtopics of tile origlnul
lor.~-range pl~n for Flss [on-Product RclcrIHc dnJ
Trnutipor L rcnenrcli.

induced by thermal ramping from room temperature
to htgh Lemperature9 and dececred by rneaauring
85KI rEleaae. The data auggeated that the TRISO
p~rticles failed instantaneously and completely
at high temperature~. However, fission-product
relea~e from failed BISO particles cnpeared to
be diftuaion-controlled beginning at lower
temperature. A simple method for calculating
the time-dependent fuel-particle survival
fraccion was developed witli appropriate empiri-
cal confitantam

12. The question waa examined of whether metals
could be transported in Lhe vapor phaae by
unstable compounds such GS metal carbonyls. Tne
rnaln cc\nclu8iona were that a metal carbonyl
could bc formed within the fuel particle but
‘~:nt. tran~:~lt I~ut of the fuel particles wns
unllkely.

13. In 191J2, a task wa~ begun for the NRC
Office of Nuclear Reactor Regulation (NRC/NRR)

to evaluate Fort St. Vrain (FSV) N.~clear
Ckncrating Station plateout probe data. A tnsk
to ~xaminc tllu most recent NRC fuel-failuru
model (NURECPO1ll) in light of current daLd from
FSV and other expertmentt+ i~ being considered
for !983.

PRIf4AltY COOLANT IMPURITIES
14. TI)c Loa Alnmon rcncarch It) Primary Coolant
Impuritle& wuu dlvidcd bctweel] cndr developrnrn~
un[l HLudy 01 impllrtty renct ions wiltl gr~phite
and met.=ill[c compuncn Lti. TI-Ic lon~rnnue ohjc,r-
tlve w{]ti to nbLnin n ) unrlcr!:[nndtng (If cllcrnlcnl
rcncttnnti bvtween primnry-co~lant impul-ltleM ,111(I
tl)v vnrl[ji]s mnLeritils in tilt, prlmflry-cnolanl
cLrcuiL. Il]c impur[lle~ considered were Htenm;
hli.; LIIr prurluctR of reoctions of tllc~e
iml)urltlcH WILII grupl]itr Nucll a~ llydro~rnl
cllrholl mc]lluxlde, cnrboll dlox)d t,, And metltan l,;
ond f lnnlnn prm.luc tn. Illc progrurn Concelltrntrd
oil LI)V dcvclt)pmell~ of i! c’ompu Ler COIIC for 111(,
rIIInly HIFI of Lli[, mirnl rI,6ctIOIIH boLweo I1 grtipt)llo
IIIId flnwfl]~ gnHcH, exl)crimc!llnl HLMIirII of
reoct lmIM bcLw[eII lm~,urk, Ilcllum nud Hr,lphltr or
/4110)” Hlr(hclurl] *ltcrinlu, qrI(l dcve]opmt,ll, Of

c(Idc. u Ior LIIr C)hlt,,l]ntlnn <)1 comp]cx c,llcml(,n]
klnvl Icn und equl ;lhrl~l. ThO LMHk bcgtiI1 lH 1. ‘i
alld wnM LrrmlnnlrId !II i977.
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16. These codes (available from the BNL HTGR
Safety Code Library) can analyze rrmny HTGR
chemiscry prtiblerns and could be applied to
recent qusstions regarding the chel]ical behavior
of radioiodine in HTGR accidenta. Because the
rat. enuationa and rate conatanta [Ire not kl,own
for mar,y of the chemical reactions expected co
occur in the primary loop of the 1{’I’GR, the
equilibrium code QUIL mua: be used for ❑uch of
the analyaia. QUIC and QUIL operate
aynbiotically. QUIC is used for those chemical
reactions for which the rate equationa and rate
constanta are known and QUIL ia used for lnatan-
ces where the rtite equationa or the rate
constant,; are unknown.

Coolant impurity reactions - lth ❑truclurea—--—— ——
17. Literature aurveya and amnll-scale —
experiments were used LO obtain information on
reactionti between coolant Impurities and
structural materlalN. Some arwrlyaes alqo were
performed. ~jor emphabia was placed on tile
reuctlunv between flasion productfl and
structural alloyb. LThemicnl reactions ran
pruduce volatile compol~nd~ and result jn ti]e
,rclectivc vapor transport of alloy in~, elpmencs.
Tliey alao nury form corrdenaed ph~aes with
resultant pelletra~ion and diffusion fjf :lHEIo[l
pruductH through the alloya. &Lrbor/wtiLer
equilibria in IITGRs also were nnnlyted.

!jTfLL]CIURAL ]NVES’rlGATIONS

lH. Thv I.OH AlumoH Structural lnvcatlRntlnn#
reHc/lrch c’unc’et>Lrl) ted on core sv16mlc bulluvlnr,
prestrcsacd c,,ncrete rcurtor VUHWI?l (PCl+V)
nnlllyuIn, and l.jrnphl[~ r(~mpunpnl HtrVt!H
JllllllyHiY. A fuurli) nren evolvvd in the luLcr

tiLiIge H ut !.hc prugrnm nl)J ripplle,l L~UlInl II,JCE
tl]i)t hHd h(,cil d~.v~.loped prevlouqly t[) nLrilcLllr:,l

si]fely qilct+tlnntt lri Hing rrL FSV. ~Lh[mKh tl,(,

ori~tnul pr{)griim plP, II formulnte(l by Lo# Alnmnm,
tlNL, find !.hu NRC CC.)VC.KL ! rrwII$’ fncv L,i of till,
Str UC LUr.1’ (I VLL]UI?L 1011 f f HpI (’lfiC 11’r(;ii C[lnr

I)OIIVIIIH fnr (lr141,Kr, JIrl Iq,Incy IIII(\ mnr~~n of
rilllcty, LIItI prf.]grllm cvolv,,d nvur Lllc ycurn to n
ron~lda, rul ltlll (jf gcncrlc innur II (for cl: flm,, lv,

Vnllrllty of Mcnllll~ lnw:: for Rt~[Hmljt c{,rl,
bvhilvior nnd dL-VOlOImTIt~IIL of a code for
uLruc\uru! ann]y#lM f
c<)l)tlilnm,,l)Lu) or t{)

rInll nil futy pr4>t21f.nl? .
lIILC 1974.

19. ‘nl(, SLrll[,t\lrJll
Alnjn,>n IIFIII .Iddronurd
Hlllrtv Inn(lvllm SI UII

a full-scale core with the same peak input
aeiamic acceleration. )

2!. Another effort waa an lnveatigation of tile
torsional selamic behavior of the core uairg nn
analytical model to dcacribe ita three-
dimeaalonal aei~mic response. Becauee this was
an extremely large and complex problem with only

a modest chance of aoiution even with large
computers, the taak waa terminated when it

appeared that the program vaa destined for only
constant or perhaps reduced funding.

22. Aa part of the HTGR ❑eigrr.ic program, a Los
Alamos #taff member was aasigned du:ing 1973 to
the J~paneae Atomic Energy fte~earch InatituLe
(JAERI) at Tokai-Mura in Japan to participate in
and observe Japaneae ~:iam~c teats on VerY-HiRh-

Ternperature Reactor (VHTR) core models. This
interaction proved to be extremely useful In
pro,~iding the NRC and the Loa Alnmoa Natianal
Laboratory with infrr,rmation on the Japane.ar
testing program.

PCRV analy~ia——
23. A fintte-eler~ent cudc (NONSAP-C) for the
structural +rntilyti~s of IGfLVY under stutic,
dynamic, and long-term loads (hhcrc creep is tl)e
main lssur) WUIJ developed, verified on tent
problems, documcnLed, an~ dl~trlbuted.
ExtL,nHlvu vertflcnt ion r, ,)hlems have beer, :un , I

cllvck NUNSAP-C ‘n i]ll c) it~ oper~ting modeH
(Hrotir, rlyllrlmlc, ,lnd :.,lg-term crccp)m

24. For future prf)b]crnb relatccl to PCRV
sLrllclurnl hrl, uvi[)r, Kht! N(IFSAP-C COdQ will

provld? n sttitc-uf-tllc.-arL c~llahllity ttlat
re,rln[~l be supplied h) ntllcr HLructllrul annlytiis

Codcq. AI Lhough othrr finltc-elemrnt codem (It)r
cx~lmnlrn ADI.NA aI1d MARC) have I>eell applled to
111(, nn{lly Eln of cuf~k.rvtc ai[u~.t~lreu, the
NONSAY-C cnrft. Is nnlq(lr In thut It cnntaln# n
varlcLy !)f CollHtitlltiV@ lilWH Iind nll extcnnlve

ul,hmc.]L Ilbrnry. No othpr US code posmeflmen {,
l]re~~-dlmorlNl,jtlnl, llr,lll~..,l~cc)clflntic-crrep

,onHtltntlvr m,)del, ‘llIr multlnt)dc Lt=ndo II

clvmvnL In NOXSAP-C’R clrrnvn[ Ilhrmry iilnn IR
Illllquc. ‘tlIv nlcmhru!lr rleme,lt dlfferu frum Lll,,

u#llN] Lw[rd!mvnnlnnnl ?]oment ill thaL [In
tJllffiN,H,l rrntr~x ifI rfrrlvrd rliI’vrLl] from tll@
vcltbdtLlnnH of e.14url{, fLy ill Rvnvrlml ctlrvlllnenr
t f)ordliln Len.

2,“>. F(lln]ly, II rellnhl !tLy rIIInlv M~ I prt)crdurt,

IIIIM bcvn d,~vrlt]poil fnr I’(:KVM LIIn[ tIMr R inr~e
rt)ml)il({,r r,)d I,rI f,)r nt rel)~t 1] :.tli(ly14tM.

(;rn)lllllr rom~b,]nrnt mlrcmn nltnlyho~
2r,. ‘St-r-tini mIa”l’ynI+’M”“It-n-v; I)w, II l;;rf[lrm{d f,)r
}l~t:p. ,. OPv-wllplll)r L t.,lltlmlln Utjila,r vrlrloun UIII( It.

l(lndlrl~ (.olllflLlnll*. (:rn~skw<l cat~;P-ti\lpp,lrL pom!a
wrr~, vxrrm’l)pu h~)tl) mInlvl II. *I Iy (( litit IM, II SIIIU

rrn[,tura, KIIPCIIIIIIICII LIi.,[)r$,! and IIUI II:{ n ftoltv-
rlvma?,)l modol . For ILl,r41111w t.rft(,liii, btllli •nlll,,~l%
ut,vv npprl~xlmnlmly Illr mnmv ron~lltn.

)!. A pt[j~r~m 1~ ltndor VNY L,. drvolop dvnl RII

mo’ lI~)IIM iiIIJ ru 1 l\ Ir II (,rllml’tn lot U}’nplllLi.
titrtl,[tbrrrt II{(1I tnkr tirc(lll(ltirv (tl\rIrww Il)
❑! rq.N#r.N lnl I) n,,t.tjlllll .
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FSV technical assistance
8. Procedures develo~ed in the HTGR %+fety

Research Program have been applied to structural
safety qlleatione ariaing at the FSV etation.
These investigation have been wholly or
partially supported by NRC/NFLR.

29. During 1979 the mechanical aapects of Lhe

FSV fluctuation problem were inveatlgeted.
Specific topics included a determination of the
energy involved in core-block colllsiona and the
maxim,:m forcc~ that could h,, trans,~itted to the

masaive PCRV from colliding blocks and columns.
Instrumentation was apec.tfied that could
identify the causes and consequences of the
fluctuation. Also, a study vaa made of the
effect of the region-constraint dcvicea on the
e.lwnlc behavior of the core.

30. Ouring 1980 most of the k;V technical

assistance wag directed at the Inveacigatton of
the therrnul stresbes developed in the
core-~upport blockti during th. iirwater
cooldown trccld~nt. In 1981, the major focus wna

the lnves[tgation of thermal anomall?s at the
liner-core ir,terfkce and thclr effect on PCRV
creel, and shrinkage.

SAFETY INSTP.UMF,NTI.TION AND CONTROL SYSTEMS
31. Tl)c Log Alflmo~ Safety .natrumenLation and
Control SynternE rctrcnrch concentrated on tllc
CVU1{l:lI lcn nnd duvrll)pnrcnt 0’ trmpcrnture
qrll,#oru find (,oolnnt Lml,lrll} m[llllf.Or 14. l-h 1.

lorg-lttn:c objuctlvc waH to evolutte slld develop
th(~ lnRtrumentfl, tcchnlques, and control IiyELemn
nercutiurY Lo n~Hurc tl]c @OfcLy of IIT[;R opcruclon
clurlr,g Ilurmnl, up~et, nnd n{,cldrl~t condlLlons.
in IIddlLioII L() lhu LOR Alnmcrrr trINk nrellt+, tile
long-rn~l~o plan tulle{’ for rescurcl] nl] frilled

Fllvl dutcrtl~, n nnrf lncntlorr, porit-n(.(,lden L

moilltortlln” nynl emu rfevclolxncnt , II UIMLI nnnlyhlri

eIId dyililmlr testln~, ~nd dlkL/] ncqllf Hltlon nnd
l,r~,t.rMMlnH HyHLrmH drvclolRnellt. II nlmo cnllrri

for te~dllrr’h lnLn plHl)L corltr[)l .ayntcmM, hlOUflll
frrctor H cnflll)corlnfi, nnd plrrnl *lmlllalorH. 111-

LNHk hUAm) in 1’175 nlld wnH tcrmlnnlrd ill 1~7/).

temperature, allowing the inference of the
maximum temperature to which the solid had been
expoacd. men this task was terminated, the
suitability of using !cryptonatea aa paasive,
maximum- temperature recorderg in HTGRa hud not
yet been determined.

Coolant impurity monitors
34. A coolart impurity ❑onitor baaed on the
emiaaion~ of excited molecules produced ii.
energy-rransfer collia!ona between impurltiea
aud metastable helium aLoma was designed, built,
and tested at FSV. The Afterglow I{ellum Monitor

meaaured concentrations of water, carbon
monoxide, carbon dloxlde, nitrogen, oxygen, and
hydro2en. Telts at FSV -Ilnued the device could

determine lmp~rity conrenLrations in the low-ppm
range. The lower detection limit was ‘ti.l ppm
for carbon dioxide and hydrogen; ‘1.~ ppm for
methane, nitrogen, ar.d carbon monoxjdc; and
-10 ppm for ox” jcn.

35. The possibility of using the ‘bO(n,p)16N

renctlor, to detect moisture in HTGR cooiant wus
exnmlned. mc isotope !6N decays with a 7.1-s

huif life, producing a dominnnt [>.13-MeV Camnul.
It nppeurrd feasible to use this t,~cl]nique to
det~ct rmpid changes in mO18L~rc concentrator,

witl) a 10IJ6: detection limit of -2 pm.

36. Alt!,cmv,h the Los AltimoH effort wa~
trrminateu, the crmpleted wi~rk dcmf)nscrfll.cd LIIuI
LI,.11 Labortitory can du~tgn nnd fnhricntc
innovative inf3trumentti0

ACCIDENT UELIN’’A’DION
37. Thv LOB Al,mwrn effort on Arcldcnt l]cllncn-

tion begnn aa u Patfiloglng nnd r_lnFInllylIIM
exprcinu but evun Lunlly producrd m1 Indcpcndcllt
probuhlllHtlc rink n~ticsnmeni of n l,lr~r 11’ftilt.

The nb,lcctive dcrrcrlbed 111 IIIU lung-rllngv plnll
waH to Jur+tlfy rrnd Irnpruvo Lhc mcth{Jd H UHL,[! ror

ldcntlfylll~ ticcidon L McrIwciwr~. A rjrmnl ,UHLl -

f!c Ht ion Of LIIC comlllc L@rroIIH of LIIIS MrIllIc IIcu hvL

produced wnH deemed nvceHuurv.

3H. he #Lnrr mrmhrr WMH rrHHlgl\ud L() LIIIP LIISk

rrom enrly 1’)75 through mld IY7H. TIIix L41Hk

built upon th, mPLh{)do Iw1.!Y of Llic thifrctor SfIfWIY
$LIII\y (ktA$l]-~hno). (~IIIHPqIIrIIIC r modvln wrrc uMrId

L(I \!{. lln@{III, t llI)n P pnrnmPLcrn l.lln~ are !mll{lrtn,ll

.
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sequences for detailed analysis. A report
describing the detailed methodology WOE pub-

lished that discuseed application of the methods
to a reference-deqign lurge HTGR nnd the diffe~
encee between and simiJ.aritie@ co the vendO~
produced Accident Initiation and Progression
Analysis (AIPA) study.

40. The Loo Alamos study used the data baae
developed in the Reactor Safety Study. The AIPA
study used a different da~a baae, leading to

different branch probabilitlea. The Loa Alamoa

study considered event treca leading to

core-heat~]p acr.idento, vhereaa the AIPA ~tudy
considered a; cific :lnitiating conditions. This
difference ir, approach reaulLct~ in event

ucquencea wj th diaaimilar brorichea. (23nae-

quently, pcint eetlmatea of the branch
probabilities are not comparable.

PHENOMENA MODELING ANII SYSTEMS ANALYSIS
41. Tne Log Alamos Phenomena Modeling and
Systems Analysla research concentrated on HTGR
l,eutrLrnlc tinnlyals and systems code development.
Thr original long-range objtictive wa~ to prov de
basic data on the phvsical, churnicai, and
II LICl@Ur prOCe.9Be S involved ill uccirlent

.sCquellcvti. Over the yeilrs the program evolved

tw~rd the dcvelopmtnt or u gcnerlc IITGR
whole-planL systcrn~ . nnlyBis code nnd tl’,e

nl)l~lirntiun of thnt c.)dc to the mim~ll;ltloi) ot
Ltlt, F’sv rltfltion. ‘TIH ongoing tHHk beKall in
1974.

Np,,Lro,llr mI~Birr...-._____
42. A l(~rge cfl=l in the cnrly parl of thu

aimulacion computer programa for tile analysis of
aystern tranaienta and accidents. The initial

co~e developed waa the Cornpo~ite HTGR Analysia
Program (CHAP-l). This code contained models
for moat of the wjor cornponenta and associated

controls for a 3000-MW(t) HTGR power plant. It
waa baaed on the Los Alamoa-developed Tranaient
and Frequency (TAF) code.

45. The current veraion of the code, CHAP-2, la
written in etandard ~dRTMN and haa mnny
i~provementa both in the simulation mainframe
and in the generic HTGR models. CHAP-2 models

both the large HTGR and che FSV atacion. The
CHAP-2 code contalna aimul~tion model@ for the
thermal, hydraulic, and neutronic behavior, and
control and plant-protective srrione of an
entire HTGt7 generating station. The code can

simulate a kide range of ayetern tran~ienta and
accidents witl, no change in coding. The plant

model, initiating events, and ❑ubsequcnt system
failurea or modifying event~ can be spcclfled

through input. Opsriitor intervention can be

MlmulaLed wl]en ti)e code ~a executed in an inter-

active ,node.

46. Apprurrimate nmnerical .molut.ions to model
dii’ferentlnl equations aru pruvf.ded by Llle Los
AInmok Sy@tcm ‘ulnlyrLiJ (LASAN) Code. The modcl-

drpcndcnt portion of CHAP-2 prov!dt:.q LASAN with
rry~tem time dcrlvatlveH tri4nHCer functlonn

and Htiitc v,)rjoble limith. LASAN can provide

atend>-~tflle, triirw\cuL, and frequent.y-reuponsc

Bwlutloni, I,ASAN mvt.l)gdti tire r{)hu~t and

wt.11-protrcted. The codo ctiI) explore time

ruvcr$lbly, allowln~ cfflcicnL #vlectlon of Ll)c
trannicnt time Elep. lt nlrro can hnndle

nonlinenril lea Hurh rIH Lhone n*n.)cirited with
rontrtil 1( riuudh+ind~. llIC I,ASAN code has heel)
thwruu~hly tr~terl niid dwumvntutto COmmcn[ri from

an cur]lel I~Nli rt,vl~w vr Ctl?LP tind L.ASAN hrrvr
been tid4rc.,. d in 1110 currenL vcrrilor,n of then?
Codurl, CIIAP- ‘ n(ld LASAN will he rviennrd ~tt LIIV
end of 19H2. ~:!lAP-2 mud !,ASAN tiru nlre~dy

runnjn~ .It n Iilmrhcr [Jr irnfnl]ntlonn in LIIQ US
an well an l!) the !Ilv Fodi,t’ii( KvPublic of
Gr rmnny.
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commercial reactor type. ‘he uncertainty Jbou.
the continued development of HTCRS after mid

1975 re~ulted in the termination or delay of
many of the original tasks, Even with the
reduced level of effort, eignifican. HTGR
analysis capabilities a~d technical expertise
have been developed. In addition to the

specific capabilities for HTGR analysis and
safety resear-h described in this paper, the LoH
Alamos National Laboratory has the ability to
develop ❑ajor computer codes and to design,
build and Lest prototype devices, special
equipnent, and advflnced in~trumentation.
ExiBcing Laboratory experimental facilitilx~
(suc” an the high-pressure gaa-handling and

graphlt=heaclng facility developed fur tile
nuclear rocket program and later used for US
Department of Energy gae-cooled fast-reactar
experiments) Rre aulthble for YTGR safety

research progroms. It Is our hope that the US
will continue tnu development of gqq-cooled
reactors and that the technological and staff
reaource~ of the Los Alamos Nationhi Laboratory
can contribute co this development.
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